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. Abstract 

(N 

Every physics event is interpretted by particles which similar well-known elementary 
J2 ' particles - leptons, quarks and gauge bozons. Therefore, if anybody will claim that he 

had found Higgs then not believe - this is not Higgs. 
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3to He XHrrcbi 

r. A. Ky3Hen,0B (G. A. Quznetsov) 
email: gunn@chelcom.ru, lak@cgu.chel.su, gunn@mail.ru 

AHHOTai];HH 

JlK)6oe (J)H3HHecKoe co6biTHe HHTepopeTupyeTCH ^acTHiiaMu, anajiorH^HbiMH HseecT- 
HbiM sjieMeHTapHbiM HacTHD;aM - jienTonaM, KsapKaM h KajiH6poBOHHbiM 6o30HaM. 
IlosTOMy, ecjTH KT0-HH6yflb SyflBT yTsepx^aTb, hto oh nameji XHrrcbi, hb sepbTB - 
9T0 HB XHrrcbi. 
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"... Ohh nHjiHjiH rnpH .... 

— Hto TaKoe ! - cxasaji B^pyr BajiaranoB, nepecTasafl 
pa6oTaTb, - TpH ^aca yjKe nnjiio, a oho Bce eme ne sojiOToe. 
IlaHHKGBCKHii He OTBeTHJi. Oh yjKe Bce noHflji h nocjie^Hne 
nojiHaca bg^hji hojkobkoh tojibko fljin BH^y. 

— Hy-c, nooHJiHM eme ! 6o^po CKaaaji pbiJKeBOJiocbiii 
niypa. 

— KoHG^HO, na^o ohjihtb, - saMBTHji nanHKOBCKHii, 
CTapaacb OTTflnyTb CTpaniHbiii Mac pacojiaTbi." 

Hjibfl HjibcJ) H EbreHHii IleTpoB "Sojiotoh TejienoK" 
pittp: / /www.lib.ru /ILFPETRO V /telenok.txt^ 



1 BBe^eHHe 

/lajiee Bce (gcjih cneiinajibHO ne oroBapHBaeTca) npoHCxo^HT b KOop^HHaTHoii CHCTeMe 
06o3HaHHM: 



def , 

X = \Xy,X2, ■■■,Xfj^ 




OO OO oo 

J d^y J dy, J dy^--- J dy^. 

— oo — oo — oo 

Co6biTHH, BbipajKaeMbie npefljiojKeHHflMH BH^a MOMenT t A HMeeT KOop^iHHaTbi 
X ^ ij o6o3Ha^aio xax A {t, x) h nasbiBaio moneuHUMu co6umusiMu. A ancaMGjiH 

TOHe^HblX C06bITHH - (fjuSUHeCKUMU co6umuMMU. 

A{D) 03HaHaeT {A {t, x) & < {t, x) e £> >). 

B SToii CTaTbe ocHOBHbie nonaTHH h cooTHomeHHH KBaHTOBOH TeopHH npeflCTaBJifl- 
lOTCfl KaK noHflTHfl H OTHomeHHfl Toii ^acTH tbophh BepoflTHOCTH, KOTopaa OTHOCHTca 

K TOHB^HblM C06bITHflM B npOCTpaHCTBe-BpeMGHH ^1 

Bo BTopoii ^acTH SToii CTaTbH BepoHTHOCTH, CBflSbiBaiomHe To^eHHbie co6biTHfl, 
BbipajKaiOTCfl cnHHopHbiMH (jjyHKiiHflMH H onepamopaMU pootcdeHun u yHunmooKeHusi 
eeposimHocmeu, anajiorHHHbiMH nojiebbiM onepaTopaM KBaHTOBOH TeopHH hojih. S^ecb 
}Ke onpe^iejifleTCfl noHATHe KJiHcjscjjop^OBoro MHOJKecTBa MaTpnii,, b ^acTHOCTH - noHATHe 
jierKoii KJiHcjacjjop^OBoii nenTa^bi, HOHHTne iiBeTHbix h BKycoBbix KJiHcjacjaop^jOBbix 
HGHTafl ^, H fljifl coHHopHbix (J)yHKi];Hii HOJIy^^aIOTca ypaBnenHH ^BHJKeHHfl b (J)opMe 

laTcax 2-6 paccMaTpHBaroTca ypasHeHHa flBHjKeHHa, coflepjKaniHe tojibko sjieMeHTbi jierKoii 
neHTaflu. TaKHe ypaBHenHa 3fleci> nasBiBaroTca AenmoHHHUMU. 
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ypaBHeHHH /JnpaKa c flonojiHHTejiBHbiMH nojiaMH, o^hh h3 kotopmx o6pa3yiOT 
MaccoBbie Hjienm, a flpyrne Be^yT ce6a xax KajiH6poBO^Hbie nojia. 

B ypaBHenne ^npaxa bxc^at tojibko ^eTbipe sjieneHTa neHTa^bi KjiHcjscjaop^a. 

TpH H3 3THX SJieMBHTOB COOTBeTCTByiOT TpeM npOCTpaHCTBeHHbIM KOop^HHaTaM, a 

^eTBepTafl - hjih o6pa3yeT MaccoBbin hjigh, hjih cooTBeTCTByeT ^eTBepToii - BpeMeHHoii 
- KoopflHHaTe. 

Ho neHTa^a KjiHcjacjaop^a co^iepjKHT nun, sjieMeHTOB. HoBH^iHMOMy ecTb cmmcji 
flonojiHHTb ypaBHeHHe ^npaxa eme o;i,hhm MaccoBbiM ^jienoM c nsTbiM sjieMeHTOM 
neHTa^bi. To ecTb MaccoBaa HacTb ypaBHenHfl ^npaxa 6y^eT co^iepjKaTb ^Ba ^jiena. 
Bojiee Toro, ecjin sthm flByn MaccoBbiM ^^jieHaM KjiHcjacjaopflOBofi nenTa^bi nocTaBHTb 

B COOTBeTCTBHe flBe flOnOJIHHTejIbHblX KBa3Hnp0CTpaHCTBeHHbIX KOOpflHHaTbl, TO 

nojiy^HTca o^jHopo^jHoe ypaBHeHHe ^npaxa, b KOTopoe Bce nsTb sjieneHTOB KJiH(J)4)op- 

;iOBOH HeHTa^bl H BCe HflTb npOCTpaHCTBeHHblX KOOp^HHaT BXO^flT O^HHaKOBblM 

o6pa30M. B TaKOM nflTHMepnoM npocTpancTBe Bce jioxajibHbie CKopocTH ho MO^yjiio 

paBHbl eflHHHLte. 

B TpeTbeii HacTH H0Ka3aH0, ^to HepeoHpe^ejieHHoe HOflo6HbiM o6pa30M ypaBHeHHe 

flBHJKeHHH HHBapnaHTHO OTHOCHTejIbHO HOBOpOTOB B 2-HpOCTpaHCTBe HeTBepTOH H 

HHTOH KOop^iHHaT. 9to npeo6pa30BaHHe onpe^ejiaeT nojie, anajiornHHoe i?-6o30HHOMy 

HOJIIO. 

B HeTBepToii HacTH OHpeflejiaeTCfl HOHjjTHe, cooTBeTCTByiomee KBanTOBO-TeopeTHHe- 
CKOMy HOHflTHK) Maccbi: 

Tax KaK 3Ha^eHHa BepoflTHOCTeii ne OHpe^ejiaroTca a6cojiiOTHO to^ho, to ^ohojihh- 
TejibHbie HOJifl, o6pa3yK)m,He MaccoBbie ^jienbi npe^CTaBHMbi ^ocTaTO^no tohkhmh 

CJIOSMH. A BejIH^HHbl TeX flByX HpOCTpaHCTBeHHblX KOOpflHHaT, KOTOpbie BBOflflTCfl 

fljia oflHopoflHOCTH MaccoBbix HjienoB, mojkho orpaHH^^HTb 6ojibmHM ^hcjiom 6e3 
orpaHHHeHHa o6iri;HOCTH. B stom cjiy^ae cnexTp Mace HOJIy^^aeTC^^ ^HCKpeTHbiM, h b 
KajKflOH TO^^Ke 3+1 HpocTpancTBa-BpeMeHH jih6o naxo^HTca tojibko o;i,Ha Macca, jih6o 
3Ta TO^^Ka nycTaa. 

Macca Hpe^CTaBjiena KBa/ipaTHbiM KopncM h3 cyMMbi KBa^paTOB flByx ijejibix hhccji: 



H3 flByx MaccoBbix HjiCHOB ypaBHCHHa ^BHJKeHHa. Ho sto ypaBHenne HHBapnaHTHO 

OTHOCHTCJIbHO HOBOpOTOB B 2-npOCTpaHCTBe T^CTBepTOH H HHTOii KOOpflHHaTbl. To eCTb 

Macca caMa ^ojiJKna 6biTb BbipajKcna naTypajibHbiM hhcjiom, h HHCJia b MaccoBbix 
^jienax flOJiJKHbi ocTaBaTbca D;ejibiMH npn noBopoTax. 

CjieflOBaTejibHO, Macca h cocTaBJiaroniHe ee ^HCJia MaccoBbix HJienoB ^ojiJKHbi 
cocTaBjiaTb HHcjaaropoBy Tpofey (mo;no,so) 0. 3flecb mg Ha3biBaeTCfl omii,OM 

TpOHKH. HpH nOBOpOTaX B 2-HpOCTpaHCTBe HCTBepTOH H HaTOii KOOpflHHaTbl OflHa 

HHcJjaropoBa TpoHxa ^ojiJKHa saMenaTbca na ^pyryro c tbm jkb caMbiM oth,om. To 
ecTb fljiR sa^iaHHoii to^hocth onpe^ejieHHa yrjia noBopoTa ^ojijkho cynjecTBOBaTb Taxoe 
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ceMeucmeo nuc^asopoeux mpoen c o^hhm h tgm jkg otijom, hto npn noBopoTe na stot 
yroji OflHa TpoiiKa ceMencTBa saMenaeTCfl flpyroii TpoiiKoii h3 SToro >Ke ceMeiicTBa. JIilr 
J11060H TOHHOCTH onpe^ejieHHa yrjiOB noBopoTOB b ^jajibHHx ^acTHx naTypajibHoro pa^a 
cymecTByiOT otiim, o6ecne^HBaiOLLi,He TaKyio tohhoctb. 51 nojiaraio, hto sth ceMeficTBa 
nH(J)aropoBbix TpoeK cooTBeTCTByioT ceMeiicTBaM sjieMeHTapHbix ^acTHE;. 

B naToii HacTH onepaTopbi pojK^eHHH h yHH^TOJKenHfl HacTHn; onpe^ejiaiOTca xax 
<I>ypbe-npeo6pa30BaHHH cooTBeTCTByiomHx onepaTopoB BepoHTHOCTH, a anTHHacTHiibi 
- CTaH^apTHbiM o6pa30M. 

B mecToii ^acTH paccMaTpHBaroTca Bce yHHTapHbie npeo6pa30BaHHfl na ^Byx- 
MaccoBbix (jjyHKiiHflx, coxpaHfliomHe 4-BeKTop Toxa BepoaTHOCTH. Cpe^H TaKHx 
npeo6pa30BaHHH ecTb cooTBeTCTByiomHe 9JieKTpocjia6biM KajiH6poBO^HbiM nojiAM. 
9th 9jieKTpocjia6bie yHHTapHbie Hpeo6pa30BaHHH TOJKe BbipajKaiOTCfl HOBopoTaMH 
B 2-npocTpaHCTBe ^eTBepToii h hhtoh npocTpancTBenHbix KOop^HHaT. HacTHiibi, 
anajiorHHHbie neiiTpHHO {ueumpuHHo), noflBJiaroTCfl b pe3yjibTaTe TaxHx npeo6pa30Ba- 
HHii. HeumpuHHO OKa3biBaiOTCfl cymecTBenno CBfl3aHHbiMH co cbohmh jienmoHuaMU. 

YpaBHeHHa flBHJKeHHH HHBapnaHTHbi OTHOCHTejibHO 9THX npeo6pa30BaHHH, H B 
pe3yjibTaTe nojiyHaiOTCH nojia, anajiorHHHbie VF-6o30HHbiM. Be3MaccoBoe nojie 

BBOflHTCfl o6bi^HbiM o6pa30M, HO npH pemeHHH ypaBneHHii 9iijiepa-JlarpaH>Ka 
nojiy^aeTCfl, hto xots F^^i, 6e3MaccoBoe, ero o6pa3yioiri;He jiOKajibno Be^yT ce6fl 
KaK MaccHBHbie nojiH. 

Be3MaccoBoe none A h MaccHBHoe none Z onpe^jejiaroTCfl CTan^apTHbiM o6pa30M no 
nojiflM B VI W . 

B ceflbMoii HacTH noKa3aHO, hto jienTOHHHoe ypaBnenne flBHiKennfl nnBapnanTHO 
OTHOCHTejibHO noBopoTOB B 3-npocTpaHCTBe nepBbix o6bi^Hbix npocTpancTBenHbix 
KOopflnnaT n jiopeHn,eBbix noBopo-TOB b 3+1 npocTpancTBe-BpeMenn. ypaBnennfl 
flBHJKenHfl, cocTBJiennbie sjieMenTaMn n,BeTHbix nenTa^, npn Taxnx noBopoTax nepene- 
niHBaHDTCfl MejK^y co6oh. To ecTb ^acTHn,bi, cooTBeTCTByronine nenTa^aM pa3Hbix 
ijBeTOB, Hepa3flejiHMbi b npocTpancTBe n Bpenenn (KOH(J)aHHMeHT) . TaKHx HacTHu; b 
ceMencTBe ^Ba copTa no Tpn iiBeTa - Bcero mecTb. 51 Ha3biBaio nx neappnaMU. 

B BOCbMoii ^acTH noKa3aHO, ^to pjia BxycoBbix nenTa^ b nbiHemneii KBanTOBoii 
Teopnn neT npnMeneHHfl. 

B ^eBSToii HacTH paccMaTpHBaeTca CHTyan,Hfl c napoii TOHe^^Hbix co6biTHii n etc. 

B flecHToii HacTH ycTanaBjinBaeTca cootbctctbhc MCJKfly jinnenHbiM npocTpancTBOM 
cnHHopoB H HopMnpoBannoH ajire6poii c flejienneM n na ocHOBannn TCopcM FypBHi^a 
H 'l>po6eHHyca P], ^ nojiy^aeTca bmbo^ o pasMepnocTH npocTpancTBa TOHe^^nbix 

CoSblTHH. 

B oflHHHafliiaTOH ^acTn pa3BHBaeTCfl nflea (Bergson j^, Whitehead i^, Capek [Jj, 
[H], Whipple jr. jH] and J. Jeans HHTepnpeTan;HH KBanTOBon Teopnn co6biTnflMn. 
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2 Co6biTH5i H ypaBHeHHa /i,BH:aceHH5i 

IlyCTb P - KJiaCCHHeCKaa (jjyHKIIHfl BepOSTHOCTH. 

51 HasbiBaio adcojiwmHou njiorriHocmbw BeposTHOCTH co6biTHa A (JjyHKiiHio pA (x) 
TaKyio, HTO fljifl J11060H o6jiacTH D: ecjiH D C to 

|d^^+'x■pA (x)^P{A{D)). 

D 

EcjiH J - aKo6HaH npeoGpasoBaHHii 



, t — VXk 

t^t' = 



V 



2 ' 



, -vt 

^x^^ (1) 
Vl — 

Xj x' — Xj flJIfl j k, 



TO 



HosTOMy a6cojiiOTHaH njiOTHOCTb BepoHTHOCTH HHBapHaHTHa OTHOCHTejibHO npe- 
o6pa30BaHHii Jlopeniia. 

EcjiH 

PA {t, x) 



PA (i,x) 



TO PA {t, x) npeflCTaBjiHGT njiomHocmh pacnpedejieHun BeposTHOCTH A b momght t. 
B npeo6pa30BaHHflx 

/ , N / /, X PA (i, x) 

PA it, x) ^ (t, x) - 



/ d'^y -paH + v {yk - Xk) , y) ' 



Cjie^IOBaTejibHO, pA ne HHBapnaHTHa OTHOCHTejibHO sthx npeo6pa30BaHHii. 



/lajiee a paccMaTpHBaio co6biTHa A (x) , ^Jia KOTopbix npeflCTaBjiaeT nyjieByio 
inoHeHTy neKOToporo 3 + l-BeKTopnoro nojia j ^ 

(Ia ^ 0^.0' Ja) = (jA.O, jA,l,iA,2, ■ • - Ja,)!))- 
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To ecTb HaiiflyTCfl BemecTBeHHbie (jayHKiinn jA,k (x) TaxHe, ^^to: 



H B npeo6pa30BaHHax 1^: 



PA = JA,0 



., JA,0 - V]A,k 

JAfl Ja.O ^ 



jA,k jA.k 



JA,. 



3AM - vjAfi 

j'A,s = 3A,s flJia s^k. 



06o3HaHHM: 



-, def 
i2 — 



1 

1 



02 = 








^[0] dg _ 



I2 O2 
O2 I2 



MaTpHijbi IlayjiH: 



CTl = 



1 

1 



, 0-2 = 



CT3 = 



MHOJKecTBO C KOMnjieKCHbix n x n MaTpnn; nasbiBaeTCfl KAUcfjcfjopdoeuM mho- 
CHcecmeoM pama n ecjiH BbinojiHAroTca cjie^yiomHe ycjiOBHs: 

ecjiH ak € C n ar € C , TO a^ar + arUk — '2Sk,r', 

eCJIH afcQ!r + arttk ~ '2Sk,r AJI-H BCex SJieMeHTOB Ur MHOJKeCTBa C, TO Q!fc € C. 

^ajiee jip cneiinajibHoii OTMeTKH nycTb fi ~ 3. 

EcjIH n = 4, TO KjIh4)4)OP^OBO MHOJKeCTBO JIh6o CO^epjKHT 3 MaTpHLI,bI {KAU^^op- 

doea mpouKa), jih6o - 5 MaTpnu, {KAU(p(popdoea neHmada). 



CymecTByeT tojibko mecTb KjiHcJxjaop^OBbix nenTa^ : o;i,Ha Aeznan newmada f3: 



f3 



[1] def 



(Tl O2 

O2 -CTl 



,f3 



[2] d.e_f 



(J2 O2 

O2 -0-2 



f3 



[3] d.e_f 



0-3 O2 
O2 -0-3 



(2) 



[0] def 



O2 
I2 



I2 
O2 



(3) 



/3M 



O2 

-I2 



I2 
O2 



(4) 
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TpH v,eemHux nenTaflbi: 
KpacHUH neHTa^a C,: 



(Tl O2 
O2 -CTl 



.[2] 



(72 O2 
O2 (72 



>[3] 



-0-3 
O2 



O2 
-fT3 



7c 



[0] 



O2 

-CTl 



-0-1 
O2 



O2 CTl 
-CTl O2 



aejieHOJi neHTa^a rj: 



.[1] 



-CTl O2 
O2 -CTl 



.[2] 



CT2 O2 
O2 — CT2 



-CT3 O2 
O2 -CT3 



O2 -CT2 
— CT2 O2 



O2 CT2 
— CT2 O2 



cuHRR neHTafla 6: 



em 



-CTl O2 
O2 -CTl 



CT2 O2 
O2 CT2 



O2 



O2 
-CT3 



[0] 

70 = 



O2 
-CT3 



-CT3 
O2 



02 CT3 
-CT3 02 



flse BKycoeue neHTa^bi: 
cjiadKOR neHTa^a A: 



O2 -CTl 
-CTl O2 



O2 — CT2 
— CT2 O2 



O2 -CT3 
-CT3 O2 



-I2 O2 
O2 I2 



O2 I2 
-I2 O2 



zopbKan neHTa^a F: 



rill = i 



02 

0-1 



-CTl 
O2 



O2 

0-2 



-CT2 
O2 



O2 
0-3 



-CT3 
O2 
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" -l2 O2 ■ 




■ 02 I2 " 


O2 I2 . 




I2 02 



Tax KaK cjieflVTOinafl cncTeMa neTbipex BemecTBeHHbix ypaBneHHii c eoceMbio 
BemecTBeHHbiMH HeH3BecTHbiMH: b , npn 6 > 0, a, /3, X, 0, 7, u, A 



cos 



= -PA, 

cos (9 - 7 ) - 



— sm 

/ 2 
cos 



' (a) sin (^2 P 

(^aj sin (^2 cos (^w - 
(a^ sin ^2 sin (1) - - 
sin^ sin (^2 sin - A^ 
6^ ^cos^ (^aj cos - sin^ (^aj cos (2 x)^ = -Ja 

HMeeT pemeHHH ^jia jiio6bix pA h jA.fe, to npn 



= -jA,i, 



■jA,2, 



(5) 





= 6exp 




= 6exp 


^3 


= 6exp 


V4. 


= 6exp 



clef tr-^ tr-^ ^ _U] 



fe=l s=l 



cae {0,1,2,3}. 

EcjiH 3-BeKTop ua onpe^iejiaeTCfl kbk 



. def 

J A = PA^A, 



(6) 



(7) 



TO UA opeflCTaBjiaeT AOKajibwym CKopocmb pacnpocmpaneHusi eepojmmocmu co6u- 
muR A. 



06o3HaHHM: 
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dk d/dxt; 
d'^ ""^^ d/dx'^; 

oo oo oo 

E E E E ■ 

k fcl= — oo fc2 = — oo /C3 = — oo 

51 paccMaTpHBaio co6biTHfl, noflHHHHiomHecH cjieflyiomHM ycjiobham: cymecTByeT 
KpomeHHoe BemecTBeHHoe nojio>KHTejibHoe hhcjio h TaKoe, hto ecjiH \xr\ > ^ (r € 
{1,2,3}), TO 

(*> x) = 0. 

IlycTb (y) - o6jiacTb, pjia KOTopoii: x G {V), ecjiH h tojibko ecjiH \xr\ < ^ flJia 
r e {1,2,3}. To ecTb: 



/ rf^x = / / dx2 / ^0:3. 



l(V) 

nycTbje {1,2,3,4}, fee {1,2,3,4} 

EcJIH 

def 

W,p x) = exp (i/i - px)) , 
TO pii;]; Oypbe ^Jiii c/?j (t, x) HMeex cjie^yiomyio (i)opMy: 

(i, x) = ^ ^ Cj_^^p^i(;^p (t, x) . 

06o3HaHHM: c/?j^i^^p (t, x) = Cj^ (*,x). 

IlycTb it, x) - KaKaa HH6yflb npocTpancTBeHHO- BpeMeHHaa TOHKa. 

06o3HaHHM 

A I 

- SHaneHHe (JjynKijHH </3/c,u,,p b stoh TOHKe, 
a 
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/ 4 3 

Cj dtipj,yj,p -Y,Y1 /^S^"*^' 

\ s=l a=l 

- SHaneHHe 5)yHK^HH (^9i(/?j,u,,p - Y^t=i Sa=i /3]>c^aV's,t«,p j • 
3flecb H Cj - KOMnjieKCHbie HHCJia. XlosTOMy cjieflyiomafl cncTeMa ypaBHenHii: 

npeflCTasjifleT CHCTCMy h3 20 ajire6paHHecKHx KOMnjieKCHMx ypaBHeHHfl c 16 
KOMnjieKCHbiMH HeH3BecTHbiMH Zk,j,w,p- 9Ta CHCTeMa MO>KeT 6biTb npeoSpaaoBana b 
CHCTeMy H3 8 jinneftHbix BemecTBennbix ypaBHeHHfl c 16 BemecTBennbiMH HenSBecTHbiMH 

Xs,k Re (;2s,fe,u;,p) flJIH S < fc H Us^k Im (^;s,fe,u;,p) flJIH s < fc: 




+ a;i,2a2 - yi,2&2 + xi,:^a^ - 7/1,363 + 2:1,404 - 2/1,464 

= —hwbi — hpsbi — hpib2 + hp2a2, 
2/1, lai + 2:1,262 + t/i,2a2 + 2:1,363 + 2/1,303 + 2:1,464 + 2/1,404 

= /iwoi + hpstti + hp\a2 + hp2b2, 
-2:1,201 - 2/1,261 - 2/2,262 + 2:2,303 - 2/2,363 + 2:2,404 - 2/2,464 

= —hwb2 — hp\bi — hp2a\ + hpib2, 
-2:1,261 + 2/1,201 + 2/2,202 + ^2,363 + 2/2,303 + 2:2,464 + 2/2,404 
^ = /iw:a2 + /ipiOi — hp2bi — /1P302, 

-2:1,301 - 2/1,361 - 2:2,302 - 2/2,362 - 2/3,363 + 2:3,404 - 2/3,464 

= —hwby, + hpsb^ + hpib^ — hp2a4, 
-2:1,361 + 2/1,301 - 2:2,362 + 2/2,302 + 2/3,303 + 2:3,464 + 2/3.4O4 

= /iwoa — /1P3O3 — /ipia4 — /1P264, 
-2:1,401 - 2/1,461 - 2:2,402 - 2/2,462 - 2:3,403 - 2/3,463 - 2/4,464 

= —hwb4 + hpib^ + /1P2O3 — /1P364, 
-2:1,461 + 2/1,401 - 2:2,462 + 2/2,402 - 2:3,463 + 2/3,403 + 2/4,404 

= hwai - hpia3 + hp2b3 + hpsa^; 

(sflecb Ofc = ReAfe h 6^ = ImAfe.) 

3Ta CHCTeMa hmcct pemenHH ho TeopcMe KpoHeKepa-KanejiJiH. HosTOMy b Kaxfloft 
TOHKe (t, x) cymecTByeT TaKoe KOMHJieKCHoe hhcjio ^j,fe,u;,p|(t,x)- 

IlyCTb KtOjP - JIHIICHIIblC OHCpaTOpbl Ha JIHHeHHOM HpOCTpaHCTBe, HaTHHyTOM Ha 

6a3HC H3 ^ynKUfipL iju;,p Taxne, ^to 



^ti;,pW',p' 



dej ( <;u,',p',i{w = w',p = p'; 
\ 0, if w ^ w'njin/ii p ^ p' 
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IlycTb Qj,k - onepaTop TaKoii, hto b KajKflofi tohkb (t, x) : 

Qj,A:|(t,x) ~ (^j,/c,tw,p I (i,x) ) ^u;,p 

CjieflOBaTejibHO, ^Jia KajK^oii 4)yHKLi;HH (pj cymecTByeT onepaTop Qj^k TaKoii, hto 
3aBHCHM0CTb Lpj OT i onHCbiBaeTCfl cjieflyiomHM flHcjscjsepeHiiHajibHbiM ypaBHeHneM^: 

4 

dm = E (/^Si^i + /^S^2 + /?g.93 + Q,;/c) . (9) 
fe=i 




B 3T0M cjiyHae, ecjiH 



TO H Ha3biBaeTca zaMUAbmoHuaHOM flBHJKeHHa c ypaBneHneM Q . 

IlycTb H - HeKOTopoe rHJib6epTOBO npocTpancTBO, na sjieMenTax KOToporo 
onpe^ejieHbi jiHHenHbie onepaTopbi ips (x) co cjie^yioinHMH CBoiicTBaMH: 

1. H co^epjKHT sjieMSHT $o TaKoii, hto: 

^S$o = 1, 

H 

V-.^o = 0, $SV4 = 0; 

2.7.1. 

Tps (x) tps (x) = 0, 

H 

V'l(x)7^t(x)=0; 

3. 

^3Ta CHCTenia ypaBHenHft noxojKa na ypasHeHHe ^npaxa c MaccoBoft MaTpHijeft |12| . |14| . H 

BbiSpaji TaKyK) (jjop^y SToii CHCTeMti fljia Toro, '?To6bi BbipasHTb noBBfleHHe pa {t, x) cnHHopauH h 
ajiGMGHTaMH KjiH(J)(J)opflOBa MHo:acecTBa. 
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i'l (y) i^s (x) + V« (x) i^l (y) = <5 (y - x) <5,,, 



IlycTb: 



4 



H3 (Unj: 



s=l fc=l 



HasbiBaeTCfl riAomHocmbw zaMUAbmoHuaua H . 



-i J d^x-n {t, x) (t, xo) = (t, xo) . 



(10) 



^{t,x)'^Y.^s{t,^)i^l{^)<^o (11) 



vl/t (t, x') VI/ (t, x) = ^ (t, X') [t, X) ^ (x' - X) . 

s=l 

To ecTb H3 (EJ: 

y dx'-^'t(t,x')«'(t,x) (i,x). 

OnepaTop 7i, onpe^ejienHbiii Kax: 

4 4 

H (t, x) E ^) '/^'^ w (12) 



Cjie^OBaTejibHO, njiOTHOCTb raMHJibTOHHana onpe^ejifleT HSMeneHHe no BpeMeHH 

BepOflTHOCTH C06bITHfl A B npOCTpaHCTBeHHOH TO^Ke Xq. 

51 HasbiBaio onepaTop (x) onepamopoM pooicdeHUM, a ^ (x) - onepamopoM 
yHUHmocHceHusi eeposmmocmu co6biTHfl A b tg^kg x. OnepaTop -0^ (x) ne ABjiaeTca 
onepaTopoM pojK^jeHHfl nacTHiibi b Tonxe x, ho stot onepaTop HSMenaeT BeposTHOCTb 
co6biTHfl A B SToii TO^KB. AnajiorH^HO - jiJisi ip (x). 

MaTpH^Haa 4)opMa 4)opMyjibi Q HMeeT cjieflyiomHii bh/;: 

5tv5 = (/3[iiai + /3[2ia2 + /jpi^g + g) ^, (is) 
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c 



V>1 



Q 



it?l,3 + ^1,3 



11^1,2 — '^1,2 

1^2,2 
il?2,3 + ^2,3 
il?2,4 + W2,4 



i'di^s — ^1,3 

il?2,3 — ■072,3 

11^3. 3 
il?3,4 + 073,4 



i^?2,4 — ^372, 4 
il?3,4 — 073,4 
11^4,4 



c K7s,fe = Re(Qs,fe) H i?5,fc = Im((5s,fe). 

IlycTb Go, ©3, To H T3 - pemeHHe cjieflyromefl CHCTeMM ypasHeHHii: 



-eo + e3-To + T3=^?i,i; 
-eo-e3-To-T3=z?2,2; 

-eo-e3 + To + T3=Z?3,3; 
-00 + 63 + To - T3= 1?4,4 



4) 61, Ti, 62, T2, Mo, M4, Mi,o, Mi,4, M2,o, M2,4, Ms^o, M3,4 - pemeHHa 
cjie^yiomHx CHCTeM: 



ei + Ti=^i,2; 
-61 + Ti= i?3,4; 



—62 — T2= 071,2; 
62 — T2= 073 4; 



Mo 
Mo 



M3,o = 
M3,o = 



^^1.3; 
i?2,4; 



M4 ■ 

M4- 



■ M3,4= 07i,3; 
M3,4= 072,4; 



r Mi,o - M2,4= 1^1,4; 

\ Mi,o + M2,4=t?2,3; 
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r Mi,4 - M2,0= tI7l,4; 
\ Mi,4 + M2,0= TO2,3 



H3 113: 



-iM2,o7., -iM2,477f^l- 



V 



I2 
O2 



O2 
-I2 



S^ecb cjiaraeMbie 

-iM2,o7l°' -iM2,4?yW- 
-iM3,o7e°' - 1^3,4^^^' 



co^iepjKaT sjieMeHTbi iiseTHbix neHTa;;, a 



{dk + iOfc + iTfc7[5l) + iMo7["l + iM^fi^^^ 

fc=i 

coflepjKHT TOJibKO sjieMeHTbi jierKoii nenTaflbi. 51 nasbiBaio cyMMy 

k=l 

AenmoHHHUM (3 h) zaMUJibmoHuauoM. 
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3 BpaiIl,eHH5I CHCTeMbI X50X4^ H 5-6030HH 



EcjiH onpeflejiHTb ©: 



H 0: 



de/ ■ def . , , 

PAWA,4 = JAA H PAWA,5 = JA,5, (16) 



TO 



UA,5 = sin 2 a sin (3 sin X cos ( — 6* + w ) + cos /3 cos X cos ( 7 — A 



-UA 4 = sm^ 



L 2 a ^— sin /3 sin X sin ^— + w j + cos /3 cos X sin ("^ ^ ^ 
nosTOMy H3 (jHJ: 



^Xl + u\ 2 + M^g + + 5 = 1. 

CjieflOBaTejibHO, tojibko Bce hhtb sjieMenTOB Kjin^xjaopflOBoii neHTaflbi ^aiOT 
nojiHbiii Ha6op KOMooneHT CKopocTH. IIoBHflHMOMy CTOHT K HaniHM TpeM npocTpaHCT- 

BeHHblM KOOpflHHaTaM X\^X2^ X3 flo6aBHTb eni,e ^Be KBaSHOpOCTpaHCTBeHHbie KOOpflHHa- 
Tbl 0:5 VI X4. 9th flOnOJIHHTejIbHbie KOOpflHHaTbl MOryT 6bITb Bbl6paHbI TaKHMH, HTo6bI 

TT 77 77 77 

Xi H X5 He flBJIfllOTCfl KOOp^HHaTaMH KaKHX-HH6y^b C06bITHH. HosTOMy HaniH 

npH6opbi He o6Hapy}KHBaiOT hx xax npocTpancTBenHbie KOop^innaTbi. 



IlycTb: 



^p{t,Xi,X2,Xz,X^,X4) '^^ tp {t,Xi,X2,X3) ■ 

■ (exp (-i(x5Mo {t,xi,X2,X3) + X4M4 {t, xi, X2, X3)))) . 

B 3T0M cjiy^ae ypaBHenne flBHJKenHfl c jieHTonnnbiM raMHJibTOHHanoM II 1511 HMeeT 
cjie;iyioni,HH bh^: 
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/?'^' - - T^7[5l) + ^Mi^s + pl^dA ^ = 0. (17) 



IlycTb gi - HeKOTopoe nojiojKHTejiBHoe semecTBeHHoe hhcjio, h jijir fj, € {0, 1, 2, 3}: 
Ffj^ H -Bp npeflCTaBjiaeT pemeHne cjieflyromeii CHCTeMbi ypaBHeHHii: 



Mampuu,y aapsida onpe^ejiaeM cjie;iyioiri,HM o6pa30M: 



I2 O2 
O2 2 • I2 



CjieflOBaTejibHO, h3 Ijl7|l : 



^ (id^ + F^+ 0.5giYB^) + j^^kd^ + P^^hd^ U = 0. 



IlycTb X (tj xi,X2,X3) - BemecTBeHHaa (JjyHKiiHfl, h: 

def 



Tax KaK 



t/(x) 



exp (i|) I2 O2 
O2 exp (ix) I2 



(18) 



(19) 



C7t^[4]c;^^[4] cos|-7M sin|, 
C/tC/ = I4, 

c/trt/ = Y, 



fljifl k e {1, 2, 3}, 
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TO ypaBHeHHe flBHJKGHHa ljl8|l HHsapHaHTHO OTHOCHTejibHO cjieflyiomero npeo6pa- 
soBaHHfl (noBopoTbi 2:402:5): 



X4 " 






/ 

2:5 = 






Y - 

















X X 
Xi cos - - 2:5 sin-; 

X X 
X5 cos + sin -; 



: WYU = Y; (20) 

Uip, 

^ Bf, df,x, 

91 



CjiefloeaTejibHO, nofloGno i?-6o30HHOMy nojiio CTanflapTHoii MoflejiH. 51 
HasbiBaro sto nojie B-6o30hhhum. 



4 Maccbi 

IlycTb (/i e {1, 2, 3, 4}) - 6a3HC, b KOTopoM jierKaa nenTa^a HMeeT (JjopMy (EJ- 

CnHHOpHbie (J)yHKLI,HH THna 

exp (-i/i (sx4 + nxs)) 

zvr 

c ijejibiMH rt H s o6pa3yiOT opTHopMHpoBaHHbiii 6a3HC neKOToporo jinneHHoro 
npocTpancTBa 3 co cjie^yroniHM CKajiapHbiM npoHSBe^eHneM: 

* X = / dx5 dx4- {'f' ■ x) ■ (21) 

h h 

B 3T0M cjiyHae 113 ©: 

(^*/5^'l^=-j^,^ (22) 

fljia^iG {0,1,2,3}. 

raMHJibTOHHaH HasbiBaBM jiAaHKoeuM zaMUAbmoHUttHOM, ecjiH cym,ecTByiOT (|)yH- 

KLI,HH iViJ (i, 2:1, 2:2, 2:3) H {t, Xl, X2, X3), HMeiOm,He o6jiaCTb 3Ha^eHHH B MHOJKeCTBe 

iiejibix HHceji, fljifl KOTopbix: 
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Mo = N^h H M4 = N^h. 
B 3T0M cjiynae pa^ 3>ypbe ^jih HMeeT cjie^yiomHfl bh^: 

ip(t,Xl,X2,X3,X5,X4:) = 
= (p{t,Xi,X2,X3) ■ 
■ E„,s '5-n,JV^(t,x)^-s,JV„(t,x) exp (-i/l {nX5 + SX4)) , 

rfle: 



0-„,jv^ = TT (i" ("^5 ) ) exp {iN^hx5 ) dx^ = — — — — , 

X h f-AT h ^^ sin (7r(.s + 

0-s,N^ = — / exp [in {SX4)) exp [ij\j^nx4) ax4 — 



c ijejibiMH n H s. 

ECJIH 0603HaHHTb: 



' (i, X, -n, -s) </9 (i, x) 5„,jv^(t,x)'^s,jv„(t,x), 



(^(i,x, a:;5,a:;4) = 

= Sn.s ^ ■S) ("i'^ ("^5 + SXi)) . 

Ltejibie HHCJia n h s HaabisaiOTCH MaccoeuMu hucaumu. 
H3 CBoflcTB (J)yHKLi,HH (5: B Kaxflofl TOHKe {t,x): jih6o 

^(t,x,a;5,a;4) = 0, 
jih6o Li,ejibie HHCJia no h So cymecTByroT, fljia KOTopbix: 

= (f) {t, X, no, So) exp (-i/i {nox^ + S0X4)) . 

Sflecb ecjiH 



Def / 9 9 

mo = V"o + «o 
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TO 

Def 

m = hrriQ 

HasbiBaeTCfl mqccou (jayHKiinn (p. 

To ecTb j\jiR KajK^OH TO^KH npocTpaHCTBa-BpeMeHH: jih6o STa TOHKa nycTaa, jih6o 
B 3T0H TO^^Ke noMemaeTca e^HHCTBeHHaa Macca. 

YpaBHeHHe ^BHJKeHHfl Ijl8|l npn npeo6pa30BaHHH (12011 npHHHMaeT cjie^yromyio 
(JjopMy: 

• exp {—ih {n'x5 + s'x^)) Ucj) — 

c: 

n' = n cos ^ — s sin ^ , 
s' = nsin ^ + scos ^. 

Ho S H n HBJIHIOTCfl LI,ejIbIMH HHCJiaMH, H s' H u' flOJIJKHbl OCTaBaTbCfl TOJKe LI,ejIbIMH. 

TpoHKa {X;n,s) ijejibix HHceji nasbiBaeTca nucfiasopoeou mpouKou j2j, ecjiH 

\2 2,2 

IlycTb e - MajieHbKoe nojiojKHTejibHoe Bein;ecTBeHHoe hhcjio. L[ejioe hhcjio A 
Ha3biBaeTCfl uucjio-omev, c moHHOcmbw e ecjiH ^jia xajK^oro BemecTBeHHoro ^HCJia x h 
fljia KajK^oii nH(J)aropoBOH tpohkh (A; n, s): cymecTByeT nncjjaropoBa Tpofea (A; n' , s'), 
fljia KOTopoii: 

| — ssin ^ + ncos j — n'\ < e, 
I s cos ^ + n sin ^ — s' I < e. 

jiK>6ozo e: cyinecmeyem SecKoueuHO mhoso uuceji-omvfle c moHHOcmbm e. 

5 OflHOMaccoBbie cocToaHHa, MacTHi],i>i h 

aHTHMaCTHIl,bI 

riycTb l|23ll : 

4 
k=l 
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B 3T0M cjiyHae raMHjibTOHHan HMeeT cjie/iyioinHii bh^ fm llSII : 

3 

fc=i 

c 

3 

fj.=0 

EcjiH 

H.^^fj^P^'^^dk + hnj^'l (25) 
fe=i 

TO 4)yHKLI,HH 

ui (k) exp (— i/ikx) h U2 (k) exp (— i/ikx) 

c 

w (k) + n + fcs 

fci + ik2 
Lo (k) + n — fca 
— fci — i/c2 

H 

fci - ifc2 
LO (k) + n — fca 

-fci + ifc2 
w (k) + n + fcs 

flBJIflK)TCfl C06cTBeHHbIMH BeKTOpEMH J^IR Hq C Co6cTBeHHbIM SHEHeHHeM 07 (k) = 

Vk^ + n^, a (jjyHKiiHH 

M3 (k) exp (— i/ikx) h U4 (k) exp (— i/ikx) 



/, ^ Def 

ui (k) = 



2v/c^(k) (t^ (k)+7i) 



U2 (k) = 



2v/w (k) {oj (k) +n) 
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—Lu (k) — n + 

ki + ik2 
oj (k) + n + ks 
ki + ik2 

H 

ki - \k2 
—Lu (k) — n ~ k^ 

ki - ik2 
u) (k) + n — fcs 

- C06CTBeHHbIMH BeKTOpaMH flJIfl C C06CTBeHHbIMH 3Ha^^eHHaMH ~UJ (k). 

3flecb w^, (k) (J)opMHpyiOT opTOHopMnpoBanHbiii 6a3HC b npocTpancTBe, HaTanyTOM 
Ha BeKTopbi e^. 

IlycTb: 

5.. f ^) ' E / rf^x' . e»'>^'''<,,, (k) (x') . 
B 3T0M cjiyHae Tax xax 

4 

E<j(k)Ur,i' (k) 
r=l 

TO 

4 

V, (x) = E E ^--kUr,, (k) (26) 

k r=l 

H 

Kk'.^U} = = Rk',6.,k}, (27) 

fer,k'I'0 = 0. 

HjiOTHOCTb raMHjibTOHHana (I12II ^jia Hq HMeeT bh/;: 



U3 (k) 



Def 



2y/uj (k) (cj (k) +n) 



U4 (k) 



2^tj (k) [uo (k) +n) 
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4 4 

Ho (x) = ^1 (^) E ^o.^--^'/'^ (^) 

i=l fc=l 



CjieflOBaTejibHO, h3 lf26jl : 



d^x . Ho (x) = (^^) ' /ic. (k) . (j2 bl^brM ~ E ^U^'-.k) 



IlycTb npeo6pa30BaHHe <I>ypbe fljin f HMeeT bh^: 



if, {t, x) = ^ [t, p) u,,, (p) e-^'P^ 

p r— 1 



{t, P) =^ (^) ' E / rf'x . (p) (t, x') e^'^P-' 

51 HasbiBaio (i)yHKi];Hio (^j (t, x) oSuhhou, ecjiH cymecTByeT BemecTBeHHoe ^^HCJIO iC, 
fljifl KOToporo: 

ecjiH |pi| > K hjih/h IP2I > ^ hjih/h jpsj > iiT, to Cr (t, p) = 0. 
B 3T0M cjiyHae o6o3Ha^aeM: 

L L L 

E E E E • 

peH pi=-L p2=-i P3=-i 

EcjIH (t, x) - 06bI^Hbie (jjyHKIIHH, TO 



{t, x) = ^ ^ c. (i, p) ur,, (p) e-''^P^. 

pgBr=l 

CjieflOBaTejibHO, h3 

44 4 
* (<, x) = ^ ^ ^ 5] it, p) e"'(''-P)'' ^ ^. (k) ur,, (p) 6t, 

p r— 1 k r' — 1 J — 1 
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H 



•'(V) ^ ^ P r=l 



d3x.vl/(t,x) = f 

l{V) 

EcjiH o6o3HaHHTb: 

3 4 



TO 



/ d3^.vl/(t,x) = Vvl/(i,p) 



(i, p) = — ) 5] /ic. (k) • 5] c,, (t, k) &t ,^$0 - 5] (t, k) 



Ha MHOJKecTBe o6biHHbix (jjyHKiiHH SKBHBajieHTeH onepaTopy: 

h"= (f ) ' E (k) • (e bi.K^ E 



Tax KaK (h3 lf27jl l 



^ \ 3 



TO 



f x) ' E (k) ( E ^U^'-^k + E ^rMbiA - E ^ (k) • 



keH \r=l r=3 / ksE 



IlycTb: 



(k)'?lSt°l«3 (k), 
«(2) (k) ""-^ 7t°l«4 (k) , 
■"(1) (k) ^= ui (k) , 

"(2) (k) U2 (k) . 



24 



H nycTb: 



d2 (k)''=i^-&i(-k). 

B 3T0M cjiyHae: 

2 

(^) = E E (k) + e'^'^-dl^v^^^,, (k)) 

k Q=l 

H H3 Ij28|l Wick-ynopaflOT^eHHbiii raMMJibTOHHan HMeeT cjie^yiomyio 4)opMy: 

■^0-= ( X ) E E (^a,k^".k + dl,kda,k) . 

^ ^ keH a=l 

3flecb 6^ - onepamop pocHcdenusi, a 6Q,k - onepemop yHUHmooKeuun n-jienmoHHa c 

UMnyAhcoM k h cnuHoeuM undeKCOM ct; d^^^^- onepamop pocHcdenuM, a c?Q_k - onepemop 
yHUHmocHceuusi anmu-n-AenmoHHa c UMnyAbcoM k h cnuHoeuM undeKCOM a. 

•tyHKiiMH: 

(k) exp (— i/ikx) h U(2) (k) exp (— i/ikx) 
HasbiBaiOTca 6a3UCHUMU n-AenmoHHUMU i^yHKi^usiMU c HMnyjibcOM k, h 

11(1) (k) exp (i/ikx) hW(2) (k) exp (i/ikx) 
HasbiBaiOTCfl 6a3UCHUMU anmu-n-AenmoHHUMU (fiyHKi^ujiMU c HMnyjibcOM k. 

6 /l^ByxMaccoBoe cocToaHne p,5j, p.£j 

PaccMaTpHBaeM no^npocTpaHCTBO 3j npocTpancTBa 9, naTHHyToe na cjie^yromHii 
nofl6a3Hc: 

^ exp (-i/i (S0X4)) ei, ^ exp (-i/i (502:4)) £2, 
^/ ^'2xp(-i/i(soa;4))e3, ^exp(-i/i(soa;4))e4, \ 
\ 2¥*'^P(~i^("'02^5))ei, ^exp(-i/i(rioa;5))e2, / 
^ exp (-i/i (noxs)) 63, ^ exp (-ift (^0X5)) €4 
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C HeKOTOpblMH HaTypajIbHblMH So H f^o• 

IlycTb U - KaKoe-HH6y;i,b jinneiiHoe npeo6pa30BaHHe b npocTpancTBe TaKoe, hto 
fljifl jiK)6oro if : ecjiH <^ € 3j, to 



(30) 



fljifl /X e {0,1,2,3} 122 

B 3T0M cjiyHae: 



JliiR KajK^oro TaKoro npeo6pa30BaHHH U cymecTByroT BemecTBennbie 4)yHKLi,HH 
x(<,x), Q;(t,x), a{t,x), b{t,x), c{t,x), q{t,x), u{t,x), u(i,x), k{t,x), s(i,x) TaxHe, 

^TO 

J7 = exp (ia) [/ (x) C/'"^C/'+^ 

3flecb C/ (x) onpe^ejiaeTca (JjopMyjioii H19II . a J/'^"-' h [7^+^ hmgiot cjie^yiomyio 
MaTpHT^Hyio 4)opMy b 6a3Hce j: 

(t, x) = 5 (a (t, x) , 6 (i, x) , c (t, x) , q {t, x)) 



(i, x) + 6^ (t, x) + (i, x) + g2 (^^ x) = 1 



H C 



S (a, 5, c, g) 



(a + i6)l2 O2 (c + ig)l2 O2 
O2 I2 O2 O2 

(-c + iq)l2 O2 {a-ib)l2 O2 



O2 



O2 



O2 



h 



^51 npHMGHHfO cjie^yfomee npaBHjio ^eftcTBHH: ecjin Vk^s h /3 - 4 X 4-MaTpHL(i>i, h 



V 



Vl,l Vi,2 
V2,l V2,2 



TO 



f3V 



def 



I3V2,1 /3V2,2 



V/3 



def 



V2,ll3 V2,2/3 
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H 



, x) - R{u {t, x) , ti (t, x) , /c (t, x) , s (t, x)) 



(i, x) + (<, x) + fc^ (t, x) + (i, x) = 1 



H C 



R (u, w, A:, s) 



def 



h 02 02 02 

O2 (u + it;)l2 O2 (fc + is)l2 

O2 O2 I2 O2 

O2 (-fc + is)l2 O2 {u-iv)l2 



cooTBeTCTByeT aHTHjienTOHHaM, t.k. R = 87151 12211 • 
PaccMaTpHBaeM U^^\ 
IlycTb: 



lo {a, b, q, c) , £^ (a, 6, g, c) 



def 



(6 + v/(l-a')) I4 {q - ic) U 

(q + ic)l4 



def 



2^(1^ 



3th onepaxopbi no^HHHHiOTCH cjie^yiomHM ycjiOBHHM: 

^0^0 "^O ; ^^^^ 

(^0-4) (4 -4) - Is, 
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H 



C/(-)t/3Wt/(-) = a/3[4] + _ 4) yr^^^M. 
Hs Ill8|l : jienTOHHoe ypaBHeHne flBHJKeHHH HMeeT bh^: 



ECJIH 

fljia fc e {0, 1,2,3,4,5}, to 

+7Mc/(-)ti55 + /3Wc/(-)ti54 j ^ ~ 

CjieflOBaTejibHO, h3 : 

V +/3Wi(VT^(fo-4)55+a94) / 
TaKHM o6pa30M, ecjin o6o3Ha^^HTb: 



TO 



Xg — (£0 + (*) ax5 — (io — i*) \/l — a^a:4, 



^ + i^^ + 0.5giyB^) + (7[°lia^ + J ^' 



= 0. 



To ecTb jienTOHHbiii raMHjibTOHHan HHBapHaHTen OTHOCHTejibHO cjie^yioinero 
6ajibHoro npeo6pa30BaHHfl: 
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X5 



x'^ ^ {lo + axi + (^o - 4) \/l -a%5, 



(36) 



6.1 HeHTpHHHO 

IlycTb: 



ip{t,-X.,X^,Xi) = 



= exp {-ihsQXA) Y^r^i 4>A,r (t, X, 0, sq) + exp {-ihnox^) J2r=i "^s.r (i, x, no, 0) 
8-BeKTopbi B 6a3Hce j: 








LJ (k) +710 + ^3 

fci + ife 
a; (k) + no - fcs 
—ki— ifc2 



ui(k) = 



2v'w (k) (w (k)+no) 



W2(k) 



2 (k) (w (k) + no) 









fci - \k2 
uj (k) + no - /ca 

-fci + ifc2 
a; (k) + no + fcs 



cooTBeTCTByioT co6cTBeHHbiM BeKTopaM fljifl -ffo,4 c co6cTBeHHbiM SHaHeHHeM uj (k) 
-y/k^ + no, a 8-BeKTopbi 
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Def 



2^uj (k) (w (k) + no) 









-co (k) - no + fcs 

ki + ik2 
(J (k) + no + fcs 

ki + ik2 



W4(k) 



Def 



2 (k) {oj (k) + no) 









ki — ik2 
—uj (k) — no — fcs 

fci - ifc2 
w (k) + no - fca 



cooTBeTCTByioT co6cTBeHHbiM BeKTopaM fljiH /fo,4 c coScTBeHHbiM SHaneHHeM — cj (k) . 

IlyCTb 



ti;,(k)^=i^f/(-)u^(k). 



To ecTb 



«i(k) 



2 (k) (w (k) + n) 



(c + ig) (w (k) +no + fca) 
(c + ig) (fci + ifc2) 



(a - i6) (w (k) + no + fe) 
(a - i6) (fci + \k2) 
uj (k) + no - fcs 
—k\ — \k2 



«2(k) 



2v'w (k) {io (k) +no) 



{c + iq) (fci -ifca) 
(c + igr) (w (k) + no - fca) 



(a — \b) (fci — iA:2) 
(a - i6) (w (k) + no - fca) 
-fci + ifc2 
a; (k) + no + fca 
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^3 (k) = 



2^uj (k) (lo (k) + no) 



(c + \q) (tj (k) + no - fca) 
(c + \q) (fci + i/c2) 



(a - i6) (w (k) + no - fcs) 
(a — i6) (fci + 1^2) 
ijj (k) + no + fcs 
kx + ifc2 



2^/^ (k) (k)+no) 



(c + ig) (fci - ifc2) 

- (c + \q) {u (k) + no + fca) 




(a - i6) (fci - ifc2) 

— (a — ife) (ijj (k) + no + fca) 

fci - ifc2 
w (k) + no - fcs 



Sflecb u'l (k) H U2 (k) cooTBeTCTByroT co6cTBeHHbiM BeKTopaM ^jifl -ff 4 c co6cTBeH- 
HbiM 3HaHeHHeM ijj (k) = -^/k^ + ng, h Ug (k) h (k) cooTBeTCTByeT co6cTBeHHbiM 
BeKTopaM fljifl 77o.4 c co6cTBeHHbiM SHaHGHHeM —uj (k). 

riycTb B ISnj: 



v,^. (k)^=lS[°l^^,(k), 



i(l) V"-; — J_ii3 ' 

1,(2) (k) =^7!:l2iUk), 



W(i) (k) ^= u'l (k) 
W(2) (k) "2 (k) 



IlosTOMy, 



21(1) (k) 



(k) (cj (k)+no) 






(c + ig) (k) + no - fca) 
(c + \q) (fci + ifc2) 
(k) + no + fcs 
fci + ifc2 
(a - \h) (cj (k) + no - fca) 
(a - i6) (fci + ifc2) 
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1^(2) (k) 



(k) (w (k) + no) 







(c + iq) (fci - i/ca) 
(c + ig) (tj (k) + no + /cg) 
fci - ik2 
LO (k) + no - ^3 
(a - \h) (fci - iA;2) 
(a — ife) (tj (k) + no + fcs) 



u'^^^ (k) HasbiBioeTca 6u-no-jienmoHHUMU, a Wj-q,-) (k) - 6u-aHmu-nQ-MenmoHHUMU 

6a3HCHbIMH BeKTOpaMH C HMnyjIbCOM k H CnHHOBbIM HHfleKCOM a. 

Cjie^IOBaTejibHO, 6H-aHTH-no-JienTOHHbie 6a3HCHbie BeKTopbi ABJiaiOTca pesyjibTaTOM 
fleHCTBHfl onepeTopa 

BeKTopbi 



(a - i6) (w (k) + no + k^) 
{a - ib) (fci + ifc2) 
w (k) + no - fcs 
-fci - ifc2 

(a - ib) (fci - ifc2) 
(a - i6) (w (k) + no - fca) 
— fci + ifc2 
w (k) + no + fcs 



HasbiBaiOTca jienmoHHUMU KOMnoHeumaMU 6H-no-JienTOHHbix 6a3HCHbix BexTopoB, 

a BeKTOpbl 



uj (k) + no + fca 
fci + ifc2 





fci - ifc2 
UJ (k) + no - fca 





HasbiBaiOTCfl neumpuHHUMU KOMnoHenmaMU 6H-no-JienTOHHbix 6a3HCHbix Bex- 

TOpOB. 

BeKTOpbl 



10,(1) 



(k) 



uo (k) + no + fca 
fci + ifc2 
(a — ib) {oj (k) + no - 
(a — ih) (fci + ifc2) 
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Ino,(2) (k) = 



fci - i/c2 
u (k) + no - ^3 
(a — ib) {ki - ifc2) 
(a - i6) (w (k) + no + ^3) 



HasbiBaiOTCfl AenmoHHUMU KOMnoHenmaMU aHTH-6H-no-JienTOHHbix 6a3HCHbix seK- 

TOpOB, a BeKTOpbl 



v„o,ii) (k) = 







(w (k) + no - ks) 
ki + ik2 



H t^no,(2) (k) = 







fci - iA;2 
- {uj (k) + no + A;3) 



HasbiBaiOTca neumpuHHUMU KOMnoHenmaMU aHTH-6H-no-jienTOHHbix 6a3HCHbix 

BeKTOpOB. 

6.2 3jieKTpocjia6i>ie npeo6pa30BaHH5i 

IlycTb II34|I He BbinojiHfleTCfl j^jir k € {0, 1, 2, 3}, h: 



B TaKOM cjiyHae h3 Ijl8|l ypaBHeHne ^BHJKeHHH nojiyHaeT Taxyio 4)opMy: 



(37) 



V ^=0 / 



IlosTOMy fljifl cjiye/iyiomero npeo6pa30BaHHfl: 



(38) 



V - 


> ^' ''l=^' [/(- 














X5 - 










~* X^ — X^ 


K - 









+ £*) 0x5 — {£0 — £*) vl — 0^X4, 



(39) 
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3T0 ypaBHeHHe HMeeT TaKyio (|)opMy: 



C/(-)tx'C/(-)+ \ ^ 



CjieflOBaTejibHO, ecjiH 



TO ypaBHeHHe II88II HHBapnaHTHO ^jia jiOKajibHbix Hpeo6pa30BaHHH ^ 

IlyCTb (72 - HeKOTOpOe HOJIOJKHTejIbHOe ^HCJIO. 

EcjiH o6o3HaHHTb (a, b, c, g h3 [/(-)): 



1. "i^/ 



_2_ f Q {9f,a) b-q {d^b) a + (i9^c) 9^+ 

_2_ / {d^a) - bq (d^c) + a (d^b) b+ 
' 321 \ +a {d^c) c + q^ (d^a) + c [d^b) q 



y^2, <i^f 2_ 9 (5^a) c~a {df,a) b - b"^ {df,b) - 



921 y -c (d^c) b - (d^b) q' - (df^c) qa 



TO 



def 





O2 




O2 


02 


O2 


02 


O2 




O2 




O2 


O2 


O2 


02 


O2 


-i(a,f/(-)) 









H H3 gu, (EH, (EHl: 



^' = 



IlyCTb 



7-7-/ t"^/ f I ui I i\ 

U = b (a ,b ,c ,q ) 
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B 3T0M cjiyHae ecjin 



U"=^U'U^~\ 

TO cymecTByiOT BemecTBeHHbie ^yuKUfm a" (t, x), b" {t, x), c" (t, x), q" {t, x) TaxHe, 
HTO U" HMeeT noflo6Hyio 4)opMy: 

ttII def r, I II ,11 II II \ 

U = b(a ,0 ,c ,q ) . 



ECJIH 



TO H3 (021: 



IlosTOMy: 



T.e. H3 (112 



i'^ "if z„ (a", b", g", c") , e: u (a", 5", g", c") , 



= (P, 

^ x'i {I'l + O a"x4 + - O Vl-a"2x5, 

X5 - =^ + a"x5 - (^'J - C) , (44) 

a;^ ^ ''^''^ Xp, ^jifl e {0, 1, 2, 3} , 

3 / -, 

X K" "if /3M + Q.hg.YB^ + -52 w;;' 
M=0 ^ 



M/; = u'w^u'^ - - (a^f/') u'^ (45) 

52 



KaK B CTaH^apTHOH MoflejiH. 
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YpaBHeHHe ^BHJKeHHfl SU(2) Hnr-Mnjijica nojia 6e3 MaTepHH (nanpHMep b [iTj hjih 
B pHl ) HMeeT cjieflyiomyio ^opmy: 



d^Wf,^ ^ -.92 W'' X W 



c: 



W„, = 



IlosTOMy ypaBHeHHe flBHJKeHHH fljia W^' HMeeT TaKoii bh/;: 

-gl (VFi-'^W^i- + VF^.i^vF^') Wl^^ + 
+929" {wfw^' - Wl^Wl') + 



(46) 



c 30,0 - 1, 51.1 = 52,2 = 53.3 = -1 (T.e.: WW,, = W°Wo-W^Wi-W'^W2-W^W3. 
B KajiH6poBKe c M^o = 0: WW^ = - {W^Wi + ^^"^^^2 + W^^Vl^3) )■ 

W^' H W^' nofl^HHfliOTCfl TaKHM }Ke ypaBHeHHflM. 

9to ypaBHeHHe MOJKeT Gmtb HpeoGpasoBano k cjie/iyiomeMy BH^y: 

-gl (W^'^W^' + W^'^W^' + W^'^W^') WS^ + 
+529" {W^'W^^ - Wfi^Wl') + 
+32 {W^^'^d^.W'^' - W^'^duW^' - W'^ '^d^.W^,^ + VF^.-^^^vi^^i.) + 

Oho HOxojKe na ypaBHenne KjieHHa-Fop^iiOHa HOJia W^' c Maccoii 

52 [- {W^'^Wl^ + W^^^Wl^ + W^'^'W^')] ^ . (47) 

H c flonojiHHTejibHbiMH HjieHaMH BsaiiMOfleiicTBHa hojih W^' c ^pyrnMH KOMHoneH- 
TaMH nojifl W. 

"Macca" HHBapnaHTHa OTHOCHTejiBHO noBopoTOB h npeo6pa30BaHHH Jlopeniia: 
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r W^-' = W^- cos A - W^' sin A, 
\ W^'' = W^' sin A + W^' cos A; 



wl;'' = w;;' cosh a - w^^ smhx, 



k,i 



M^j^'COshA-P^o'^'sinhA 



c BeniecTBeHHbiM A h c r e {1,2,3} h s G {1,2,3}, h Ij47|l HHsapHaHTHO 
OTHOCHTejibHO rjio6ajibHbix H30cnHH0Bbix npeo6pa30BaHHH U^^^: 

Wl -> W'J = U'W^,U'\ 

HO He HHBapHaHTHO OTHOCHTejibHO jioKajibHbix npeo6pa30BaHHH II45II 
YpaBHenne II46|I mojkho ynpocTHTb: 



+92 g.^.d"^ {wl^w^- - wl^wl^) + 



(aflecb HeT cyMMnpoBanHH no noBTopaioinHMCfl HH^eKcaM cyMMnpoBaHne 
BbipajKaeTCfl chmbojiom "E" ) ■ 

B 3T0M ypaBHeHHH (J)opMa 
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MOJKeT MeHflTbCfl B HpocTpaHCTBe, HO OHa He co^epjKHT W^' H jiOKajibHO ^eiicTByeT 
KaK Macca, T.e. ne nosBOJiaeT ^acTHn,aM SToro nojia BecTH ce6fl no^o6HO 6e3MaccoBbiM 
^acTHiiaM. 

IlycTb 



a. — arctan^, 

( W^' cos a - Bf_, sin a) 



A, 



def 



Bn. COS a + W^' sin a] 



B 3T0M cjiyHae: 
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EcjiH 

^gu.vdyduA^, = 0, 



TO 



mw 

mz = 

cosa 

c mw H3 114 711 ■ 3to no^TH xax b CTan^apTHoii Mo^jejiH. 

ITOBOpOTbl /l,eKapTOBOH CHCTeMbI KOOpflHHaT 
H KBappKH 

ycTb a - BemecTBeHHoe hhcjio, h 



Xi = Xi COS [a) — X2 sm (aj 
X2 xi sin (a) + X2 cos (a) 

/ def 



CjieflOBaTejibHO pjiR jiio6oh dpym^nnn f. 

d[(p = (diip ■ cos a — ■ sin a) ; 
d2'p — {82^ ■ cosa + diip ■ sin a) ; 

Tax KaK jyi - 3-BeKTop, to h3 JSJ: 



3a,i = cos (a) - /jl^l sin (a)) ^; 

Ja,2 = -V'^ sin (a) + /^I^l cos (a)) ^; 
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CjieflOBaTejibHO, ecjin ^jih 



TO 



Ul ^ {a) /3[il[/i,2 (a) = /S'^l cos a - /jl^l sin a; 

sin a; 

C/t (a)/3[3lc/,_2(a) = /3[=^l; 



H3 ibl: TaK KaK 



TO 



ECJIH 



t 't ' 



Ul^ (a) C/i,2 (a) = I4. 



C/1,2 (a) = cos|-l4-sin|./?W/3[2l, 



TO Ui^2 (a) no^jT^HHaeTCfl BceM sthm ycjiOBHSM f lj51|l . Ij52ll l. Bojiee Toro: 

C/t2(a)/3Wi7i,2 (a)=/3W; 



[5] 



IlycTb ff;' - pesyjibTaT saMenbi (3^'^^ na = 2 (a) t^i, 2 (a) a dk - aa 
Hi. 
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H3 (iini, (EH, (ESi H E3J: 

/ /^[i] Ml + i (e; cos (a) + e'2 sin (a)) + \ \ 
^ +i(Ticos(a) + T'2sin(a))7[5l )^ 

fr' _ ■ , fl[2] / ^2 + i (-e'l Sin (a) + COS (a)) + \ 

\ +i(-T;sin(a)+i'2Cos(a))7[5l J + 

(93+ie;5 + iT!,7[5l) + 

V +iM^7[ol +iA/4/3W. / 

CjieflOBaTejibHO, ecjiH 

&o = eo, 

8^ = 61 cos (a) — 62 sin (a) , 
82 = 81 sin (a) + 69 cos (a) , 

= ©3, 

H Taxaa see cJjopMyjia fljifl (Tq, Ti, T2, T3), to i?/ = i?; npn noBopoTax fleKapTOBoii 
CHCTeMbi Ij48ll . 



2 (a) C''l C^i,2 (a) = C''l cos a - r^I^l 

cos a + C^"^' si 



sm a; 



sm a: 



(54) 



C^/ 2 («) C''lf/i,2 (a) = C''l cos a - r;W sin a; 

;7/'2 (a) r;[il [/i,2 (a) = r;[il cos a + Cl^l sin a; ^ 



UL (a)C['lC/i,2 («)=(['!; 
[/i%(a)'7'"C^i,2 («) =?7''l; 

rrt / \ Mrr / ^ M [0] • 

'^i 2 l*^) 7c f^i,2 (a) = 7|i cos a — 7,, sma; 

f^i,2 (") lvUi:2 («) = 7-1) cos a + 7^"' sin a; (56) 

UI2 («) ('^^'£^1,2 (a) = C'"*' cosa + r;W sin a: 

(a) r;W [/i^2 {a) = r;W cos a - C^**! sin a; (57) 
C^i,2(a)^'^'C^i,2(a) = ^[^1 



C/[2(a)0WC/i,2 (a) = 0W cosa + sin a; 
t//2(a)0['lC/i,2 (a) = 0[2] 

cos a — sin a; 
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CjieflOBaTejibHO m (jUl , (EH , , EZIl : 

H (C) nepeMeniHBaeTCfl c H (77) npn TaxoM noBopoTe. ^Jifl APyrnx noBopoTOB 
^eKapTOBoii CHCTeMbi: jienTOHHbie raMHJiBTOHHaHbi npeo6pa3yK)TCfl b jienTOHHbie, a 
iIBeTHbie nepeMeniHBaiOTCH MejK^y co6oh. 

HoaTOMy iiBeTnaa TpoiiKa sjieMenTOB ne MOJKeT 6biTb pas^iejiena b npocTpancTBe. 

9th HaCTHIIbl flOJIJKHbl 6bITb JI0KajIH30BaHbI B O^HOM H TOM }Ke MeCTB (K0H(J)aHHMeHT?) . 

KajK^aa iiBeTHaa neHTa^ja co^epjKHT no ;i,Ba MaccoBbix sjieMenTa. Cjie^OBaTejibHO, 
KayKflpe ceMeiicTBO co^jepjKHT ^Ba copTa u,BeTHbix HacTHn, Tpex iiBeTOB. 51 nasbiBaio sth 
^acTHiibi KeappnaMU. 



8 BKycoBbie neHTa^bi 



51 nasbiBaio 4x4 MaTpniibi THoa 



2-^HaroHajibHbiMH, a 



^ O2 

O2 V 



02 d 

V O2 



- 2-aHTH^HarOHajIbHbIMH. 

TaKHM o6pa30M, b jienTOHHHOM ypaBHeHHH ^BHJKeHHfl Tpn 2-^HaroHajibHbix 
sjieMeHTa jierKoii nenTa^bi onpe^ejiaeT S-Mepnoe npocTpancTBO co6biTHii, a ^Ba 
2-aHTHflHaroHajibHbix sjieMenTa o6pa3yiOT 2-MepHoe npocTpaHCTBO 9jieKTpocjia6bix 
BBaHMOfleiicTBHii. AnajiornHHO fljia iiBeTHbix nenTa^. 

^jifl cjia^KOH neHTa^bi BexTop jiOKajibHoii CKopocTH HMeeT cjie;iyioni,He KOMooHenTbi: 



cos 1^/3 I • sin ( X ) cos \1 ~ v 
+ sin ( ,9 I • cos ( X ) cos ( 6* - A 



puY — (p' J(/5 = — sm I 2- a] 



cos ■ sii^ (^) sin {1 — 
-sin \J3 \ ■ cos (pj sin (^^ - a) 
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■ sm 



cos 1^/3 j ■ cos (£j cos (7 - a) 

- sin ^/3^ • sin ^xj cos (^0 — 



f'^^'^tAW^^-sin (2. a) 



cos I /3 1 • cos fx] sin (7 - Aj 

]i \ - sin {x^ sin - 



— sm 



CjieflOBaTCJibHO, 3flecb 2-aHTHflHoroHajibHbie MaTpniibi A'"^^ h A'^^ onpeflejiaiOT 2- 
McpHoe npocTpancTBO {uy, w^), b KOTopoM ^jeflcTByeT npeoSpaaOBanHe HSOcnHna. 
2-aHTHflHaroHajibHbie MaTpHijbi A'^' h A'^' onpeflejiaiOT TaKoe xe npocTpancTBO 
(u^, uy)- 3Ta ncHTafla co^epxHT e^HHCTBeHHyio 2-flHaroHajibHyio MaTpHijy, 
onpeflejiHKDmyio l-Mepnoe npocTpancTBO (u^) fljia pasMemeHHs co6biTHfl. 

noflo6HO cjiaflKofl neHTa^e ropbKaa nenTa^a c HeTbipbMJi 2-aHTHflHaroHajibHbiMH 
MaTpraiaMH h c e^jHHCTBeHHofl 2-flHaroHajibHoii MaTpHn,eH onpe^jejifleT ;iBa 2-MepHbix 
npocTpancTBa fsjin HSOcoHHOBbix npeo6pa30BaHHii h o^jho l-Mepnoe npocTpancTBO fljisi 
pasMBmennfl co6biTHfl. 



9 coGbiTHH 

IlycTb 

/ d^x / d^'y-p {t, X, y) ''=^' P {Ai {t, Di) &A2 {t, D2)) 

JDi J D2 

Cym,ecTByiOT KOMnjieKcnbie (|)yHKu,HH fsi,s2 (^i ^) y) (sfe S {1, 2, 3, 4}), ^jia KOTopbix: 

4 4 

P , X, y) = 4 ^ XI 'P^i ,S2 X' y) ^si ,S2 (<, X, y) . 

51=1 52=1 

ECJIH 

*(f,x,y) 

= EUi Et=i ^51 ,52 (t, X, y) (x) v^t^ (y) - (y) V-li (x)) $0 ' 

TO 
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^-t (i,x,y)*(t,x,y) = 
4 (i, x', y') ^s„s2 {t, X, y) . 5 (x - x') c5 (y - y') . 



nOflo6HO ijHJ: CHCTeMa C HenSBeCTHblMH KOMnjieKCHblMH 4)yHKLl,HflMH Q 

i(1.2) 

Si,ki -,32, k2 ' 



,(1) 

Si ,fci ' 



Q. 



dtf. 



Z^r=l I Z^fei = l -^si.fci dx^^^i^^-i Z^fc2 = l ^S2,fc2 dy^^^^-'^^ ) ' 



< 



^A:i,si ^si,ft;i' 




^k2,S2 ^ S2 



^ SI .k-i:k2 .,32 ^ SI .k-i\S2 ■k2 



HMeeT pemeHHfl. 
et cetera... 



10 PasMepHOCTb (JjHSHHecKoro npocTpancTBa 

Tenepb nycTb pasMepnocTb npocTpancTBa co6biTHii ^ - jiio6oe naTypajibHoe ^hcjio, 
Heo6fl3aTejibHO pasHoe 3. 

Ho |19| : fl,jia KajK^oro naTypajibHoro ^^HCJia z cymecTByeT KJiH(J)(|)opflOBO MHOJKecTBO 
panra 2^. 

^jifl KajK^oro BeKTopa njiOTHOCTH BepoHTHOCTH {p (t, x) , j (t, x)) HaTypajibHoe hhcjio 
s, KJiHcjjcjjopflOBO MHOJKecTBO K paHpa s H KOMnjieKCHbiii s-BeKTop V (t, x) cymecTByroT, 
fljifl KOTopbix: 7„ S iiT H 



B 3T0M cjiyHae V {t, x) HasMBaeTca s-cnunopoM ^Jia {p {t, x) , j {t, x)). 

IlycTb pc(i, x|to, xo) - njiOTHOCTb ycjiOBHoii BepoflTHOCTH co6biTHfl A(t,x.) no 
co6biTHio i3(io,xo) B /i + 1 npocTpancTBe-BpeMeHH. H ecjin 



\ {t,yiy V (t,x) = p(i,x) , 



(58) 



X (t, x)''' 7„ V (i, x) = j„ {t, x) . 



(59) 



Pc(i, x|to, xo) = ff(t, x|to, xo)p(i, x) 
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TO (jjyHKiiHfl (7(i, x|io, xq) gctb (jjyHKiiHfl BsanMOfleiicTBHfl ^jia A vi B b fi + 1- 
npocTpancTBe-BpeMeHH. 

IlyCTb Vc H ^ - S-CnHHOpbl, ^Jlfl KOTopbix: p = H Pc = ^l^c- 

EcjiH Ha 9THX cnHHopax onpe^ejieHO npoHSBe^eHHe o Tax, ^to ^jia KajK^oro \~c h 
V cymecTByeT sjieMenT stoh ajire6pbi, ^jia KOToporo: = Vg o V h Vg — g, 
TO MHOJKecTBO 9THX coHHopoB o6pa3yeT HopMnpoBanHyio ajire6py c ^ejieHHeM. 

Pa3MepHOCTb TaKoii ajire6pbi no Teopene FypBHija 0] (KajK^aa HopMnpoBaHHaa 
ajire6pa c e^HHHiieii H30Mop(J)Ha o^noii h3 cjie^yiomnx: ajire6pa BemecTBeHHbix ^Hceji 
R, ajire6pa KOMnjieKCHbix ^nceji C, ajire6pa KBaTepHHonoB K, hjih ajire6pa OKTaB O) 
H no o6o6iri;eHHOH Teopene <I>po6eHHyca [4J (Ajire6pa c ^ejieHHeM HMeeT pasMepnocTb 
TOJibKO 1,2,4 HJIH 8) ne 6ojibme, neM 8. 

B 3T0M cjiynae pa3Mep MaTpnu, KJiH(J)(J)opflOBa MHOJKecTBa ne 6ojiee, nem 4 x 
4 (MaTpHn,bi SToro MnojKecTBa KOMHJieKCHbie) . TaKoe KJincj^cjaop^OBO MnojKecTBO 
co^epjKHT He 6ojiee, nen 5 sjieneHTOB. ^naronajibnbie sjieMenTbi SToii HenTa^bi 
OHpe^ejifliOT HpocTpancTBO co6biTHH. PasMepnocTb SToro npocTpancTBa ne 6ojibme 
3. Cjie^OBaTejibHO, b stom cjiynae mm nneeM 3+1 npocTpancTBO-BpeMs. 

EcjiH p > 3, TO fljiR KajKflofi TaKOH ajire6pbi cym,ecTByeT 4)yHKLi,Hfl B3aHMOfleHCTBHfl, 
He npnna^jiejKaniafl SToii ajire6pe. 51 Ha3biBaK) Taxne B3aHMo;i,eHCTBHfl ceepxecmecm- 
ecHHUMU fljifl SToii ajire6pbi BsaHMOfleiicTBHflMH. 

11 IlHTepnpeTai],Ha KBaHTOBoii TeopHH co6i>iTHaMH 

3flecb fl HpoflOJiJKaio pasBHBaTb n^eio 0, jS], [3, (HI, [0| SOI HHTepnpeTaLtHH KBanTOBoii 

TeopHH C06bITHflMH: 

KaK Mbi BH^iejiH, HOHSTHa H yTBepjKfleHHfl KBaHTOBoii Teopnn npeflCTaBJiHKJT 

HOHHTHH H yTBepjK^ieHHa O BepOaTHOCTflX TO^ennblX C06bITHH H HX aHcaM6jieH. 

XloBe^eHHe (jansH^ecKOH sjieMeHTapnoii nacTHn;bi b Baxyyne no^oGno HOBe^eHHio 
9THX BepoflTHOCTeii. B ^Byx-mejieBOM SKcnepHMenTe j2(]j ecjiH b Baxyyne MejK^y 
HCTO^^HHKOM (JjHsnnecKOH nacTHn;bi n ^eTeKTHpyioinHM axpanoM noMemaeTCfl nepero- 
po^IKa c ^ByMa niejisMH, to Ha6jiio^aeTCfl HHTep4)epeHH,Hfl BepoflTHOCTeii. Ho ecjin STy 
CHCTeMy noMecTHTb B Kanepy BnjibcOHa, to nacTHn,a 6y^eT HMeTb acHyio TpaeKTopnio, 
o6o3HaneHHyio KaHJiHMH KOH^encaTa, n BCflKaa HHTep(J)epeHn,Hfl Hcne3HeT. 9to ho;io6ho 
TOMy, HTO 4)H3HnecKaa nacTHn;a cymecTByeT tojibko b tot MOMenT Kor^a c neio 
cjiynaeTCfl KaKoe-HH6yflb co6biTHe. B ocTajibHbie Bpenena ^acTHLi;bi neT, a ecTb TOJibKO 

BepOflTHOCTb TOrO, ^TO C HeK) ^T0-HH6yflb CJiy^HTCfl. 

Cjie^IOBaTejibHO, ecjiH MejK^y co6biTHeM pojK^eHHH n co6biTHeM ^eTeKTHpoBanna 
c nacTHn;eH ne cjiynaeTca HnxaKHx co6biTHH, to HOBe^eHne nacTHn;bi - sto noBe^enHe 
BeposTHOCTH MejKfly tohkoh pojK^eHHfl n to^koh fleTeKTHpoBaHHa; npn stom naGjiio- 
flaeTCfl HHTep4)epeHn;Hfl. Ho b xanepe Bnjibcona, r^e axTbi H0HH3an;HH o6pa3yiOT nonTH 
HenpepbiBHyro jihhhk), ^acTHija HMeeT Hcnyro TpaeKTopnio n HHKaKoii HHTep(J)epeHLi,HH. 
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9Ta ^acTHiia ^BHJKeTCfl noTOMy, hto Taxafl jiHHna ne a6cojiiOTHO nenpepbiBHa. 
KajKflaa TOHxa HOHHsaiinn HMeeT coce^Hioio HOHHsaiiHOHHyio TOHKy, h MejK^y sthmh 
TOHKaMH HHKaKHx co6biTHii c ^acTHLi,eii He npoHCxo^HT. Cjie^OBaTejibHO, 4)H3H^ecKaa 
^acTHLi,a ^BHJKeTCfl noTOMy, ^^to cooTBeTCTByiomafl BepoaTHOCTb pacnpocTpanaeTCfl b 
npocTpancTBe MejK^y sthmh TO^KaMH. 

CjieflOBaTejibHO, HacTHiia ecTb ancanGjib co6biTHii, CBasannbix BeposTHOCTflMH. A 
3apflflbi, Maccbi, HMnyjibCbi, cpe^nee ^hcjio HacTHn; b KOH^eHcaTe h T.n. npeflCTaBjiaiOT 
CTaTHCTH^ecKHe napaneTpbi bojih 3thx BepoaTHOCTefi, pacnpocTpanaiomHxcfl b npocT- 
paHCTBe-BpeMeHH. 3to o6'bflCHaeT Bce napa^OKCbi KBanTOBoii (J)H3hkh. 



12 3aKjiiOHeHHe 



TaKHM o6pa30M, jiK)6bie (jjHSH^ecKne co6biTHfl BbipajKaroTca HacTHijaMH, no;io6HbiMH 
jienTOHaM, KBapxaM h KajiH6poBa^HbiM 6o30HaM. Xnrrcbi ne nyjKHbi. 
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